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$EVWUDFW
7KHV\VWHPLVGHVLJQHGIRUVRFLHW\DSDUWPHQWZKHUHWKHUHDUHQXPEHURIIODWV8VLQJVWDWLF,3EDVHGHPEHGGHGZHEVHUYHU(:6
IRU HDFK IODW LQGLYLGXDOO\ LV FRVWO\PDWWHU DQG FDQQRW DIIRUG D FRPPRQPDQ 6R D QRYHO DSSURDFK RI XVLQJ G\QDPLF LQWHUQHW
SURWRFRO,3IRUHDFKLQGLYLGXDOIODWLVGHVFULEHGLQWKLVSDSHU'\QDPLF,3DUHIUHHO\DYDLODEOHLQQHWZRUNSURYLGHGE\LQWHUQHW
VHUYLFHSURYLGHU,637KHGHYHORSHGZRUNFRQVLVWVRIDSDUWPHQWZLWKPDQ\IODWVHDFKRIZKLFKFRQVLVWVRIG\QDPLF,3EDVHG
(:6RQHPEHGGHGERDUG(%$OOWKHVH(:6VWRUHGWKHLULQIRUPDWLRQIRUEDFNXSLQRQHVWDWLFVHUYHUZKLFKXVHVVWDWLF,37KH
XVHRI WKLVVWDWLFVHUYHU LV IRU UHJLVWUDWLRQRIFOLHQWVDQGVWRULQJEDFNXSLQIRUPDWLRQ LQFDVHRIDQ\GDPDJHRU UHVHW7KHVWDWLF
VHUYHUSURYLGHVXSGDWHGLQIRUPDWLRQRWKHUZLVHDFWVDVGXPP\VHUYHU7KXVFRVWO\V\VWHPLVPDGHORZFRVWE\XVHRIG\QDPLF,3
DQG VLQJOHGXPP\VWDWLF VHUYHU&OLHQWFDQDFFHVVGDWDDQGFRQWUROOLQJRI(% UHDO WLPHE\GLUHFW FRPPXQLFDWLRQ&DQG VKHOO
VFULSWSURJUDPSHUIRUPILOHWUDQVIHUMDYDVFULSWSURYLGHVEDFNJURXQGIRUGHVLJQLQJKWPOZHESDJHV7KHSHUIRUPDQFHRIV\VWHPLV
YHULILHGIRUGLIIHUHQWG\QDPLF,3VDQGSUHVHQWHGKHUH

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIVFLHQWLILFFRPPLWWHHRI,QWHUQDWLRQDO&RQIHUHQFHRQ$GYDQFHG&RPSXWLQJ7HFKQRORJLHVDQG
$SSOLFDWLRQV,&$&7$
Keywords:(PEHGGHGZHEVHUYHU'\QDPLF,3*356IWSVHUYHUSSSGHWF
,QWURGXFWLRQ

0RQLWRULQJDQGFRQWUROOLQJWHFKQLTXHVDUHFRQWLQXHGIRUFRQVXPHUDQGLQGXVWULDODSSOLFDWLRQIRUPDQ\\HDUV:LWK
UDSLGGHYHORSPHQWLQLQIRUPDWLRQDQGFRPPXQLFDWLRQWHFKQRORJ\QHZHUPHWKRGVDUHLPSOHPHQWHGWRPDNHRXUOLYHV
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PRUHFRPIRUWDEOHUHOLDEOHDQGVHFXUH:LWKGDWDFRPPXQLFDWLRQQHWZRUNDQGLQWHJUDWHGWHFKQRORJ\SRUWDEOH
GHYLFHVDUHDYDLODEOH WRDFFHVVGDWD IURPGLVWDQW ORFDWLRQ&XUUHQWO\SXEOLF FRPPXQLFDWLRQQHWZRUNV OLNH*60
*356%OXHWRRWK:L)L(WKHUQHWDUHLQFUHDVLQJO\XVHGWRSURYLGHLQIRUPDWLRQZRUOGZLGHHYHQZLWKRXWSUHVHQFHRI
KXPDQEHLQJ5HPRWHPRQLWRULQJDUHXVHGWRSURYLGHGDWDGLUHFWO\WRFRQWUROURRPZKHUHWKHGDWDLVDQDO\]HGDQG
QHFHVVDU\ DFWLRQV DUH WDNHQ DFFRUGLQJO\0RVW RI WKH UHPRWH PRQLWRULQJ XQPDQQHG V\VWHPV DUH VWDWLF ,3 VHUYHU
EDVHG(WKHUQHW/$1EDVHG7KRXJKWKLVW\SHRIVHUYHUVDUHKLJKO\UHOLDEOHWLPHO\PDLQWHQDQFHDQGXSGDWLRQDUH
WKHLU QHHGVZKLFK LV D FRVWO\ LVVXH$OPRVW DOO V\VWHPV DUH VWDWLF ,3 EDVHGZLWK ODUJH VWRUDJH FDSDFLW\ KDQGOLQJ
GDWDEDVH LVDQRWKHU LVVXHZLWK LW:HEVHUYHUEDVHGRQVWDWLF ,3DUHQRZDGD\VSRSXODUFKRLFH IRUPRQLWRULQJGDWD
:LWKLQWHJUDWHGWHFKQRORJ\PLQLDWXUL]DWLRQHPEHGVSURFHVVRUZLWKLQEXLOWSHULSKHUDOV7KXVHPEHGGHGVHUYHUSOD\V
YLWDOUROHLQZHEVHUYHUDSSOLFDWLRQVZKHUHGDWDFRPPXQLFDWLRQLVLQGLUHFWDQGLQWHUDFWLYH
,QWKLVSDSHUDPHWKRGRIGDWDDFTXLVLWLRQRIVHQVRUVLJQDOE\(%LVSUHVHQWHG7KLVPHWKRGLVSURYLGHGIRUGDWDWR
PDNH DYDLODEOH WR UHJLVWHU FOLHQWV ZRUOGZLGH DQ\ZKHUH )RU WKDW (% LV FRQYHUWHG LQWR (:6 E\ G\QDPLF ,3 DQG
LQVWDOOLQJWLQ\K\SHUWH[WWUDQVIHUSURWRFROGDHPRQWKWWSGDVVHUYHULQEXLOWLQ(%1RYHODSSURDFKRIXVLQJG\QDPLF
,3LQVWHDGRIVWDWLF,3LVXVHGZKLFKDYRLGVPDLQWHQDQFHDQGVWRUDJHRIGDWDEDVHDVZHOODVORZFRVW
'\QDPLF,3 LVDFKLHYHGE\*356SURWRFRORI86%GDWDFDUGDWWDFKHG WR(%LVGHVFULEHG LQKHUH&SURJUDPDQG
VKHOOVFULSWVDUHXVHGIRU LQWHUIDFLQJDOOPRGXOHV7KHSUHVHQWHGZRUNLVDLPHGWRGHYHORSDVLPSOHFRVWHIIHFWLYH
PRQLWRULQJDVFRQWUROOLQJV\VWHP7KHGHYHORSHGVRIWZDUHVWRUHVGDWDLQWH[WILOHDQGWUDQVIHUWKDWILOHWKURXJKILOH
WUDQVIHUSURWRFROIWSRQVWDWLFVHUYHU6WDWLFVHUYHUSURYLGHVWKLVLQIRUPDWLRQRIG\QDPLF,3WRUHJLVWHUFOLHQWPDNLQJ
V\VWHPVHFXUH&OLHQWFDQEURZVHG\QDPLF,3DQGJHWUHDOWLPHGDWD7KXVGLUHFWLQWHUDFWLRQEHWZHHQ(%DQGFOLHQW
UHGXFHVQHWZRUNGHOD\

2YHUDOOV\VWHPDUFKLWHFWXUH

7KHV\VWHPLVGLYLGHGLQWRPRGXOHVDQGHDFKPRGXOHLVGHYHORSHGDQGLQWHUIDFHWRJHWKHUWRJHWUHVXOWVHDVLO\)LUVW
PRGXOHLV(%VHFRQGLV86%GDWDFDUGWKLUGLVLQWHUQHWIRXUWKLVGXPP\VWDWLFVHUYHUDQGILIWKLVXVHUFOLHQW*356
SURWRFRO ELQG WRJHWKHU (% DQG LQWHUQHW ZKHUHDV VWDWLF VHUYHU UHPDLQV PHGLDWRU IRU EDFNXS DQG DFWV DV GXPP\
RWKHUZLVH8VHUFOLHQWJHWG\QDPLF,3LQIRUPDWLRQIURPVWDWLFVHUYHUE\XVLQJVWDWLF,3/DVWO\ZLWKG\QDPLF,3XVHU
FOLHQWFDQEURZVHLWDQGJHWUHDOWLPHLQIRUPDWLRQ'HWDLOGLDJUDPRIWKHHQWLUHV\VWHPLVVKRZQLQILJ


)LJ2YHUDOOV\VWHPDUFKLWHFWXUH

(%FDQWDNHLQIRUPDWLRQRIUHJLVWHUHGFOLHQWDVZHOODVFOLHQWJHWVG\QDPLF,3RIWKDW(%IURPVWDWLFVHUYHU2QFH(%
DQGFOLHQWJHW LQIRUPDWLRQ FOLHQW FDQGLUHFWO\EURZVH WKH UHDO WLPHGDWD ,QVWHDGRI FRQWLQXRXVPRQLWRULQJ LI DQ\
FKDQJHRFFXU LQGDWD(%VHQW606DOHUW WRFOLHQW7KXVFRQWLQXRXVPRQLWRULQJFDQEHDYRLGHGZKLFKLVHQRUPRXV
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ZRUN7KXVGLUHFWFRPPXQLFDWLRQLVHVWDEOLVKHGEHWZHHQFOLHQWDQG(%UHGXFLQJQHWZRUNGHOD\ZKLFKLVH[SODLQHG
E\IROORZLQJWKUHHFRQGLWLRQV

2.1. Case no.1 
&OLHQWFDQDFFHVV ILUVW VWDWLFVHUYHU WRJHWG\QDPLF ,3RI(% LQ WLPH7ZKHUHDV(%VWRUHVG\QDPLF ,3 ILOH LQ
VWDWLFVHUYHULQWLPH7WKHQFOLHQWEURZVH(%WRJHWDFWXDOLQIRUPDWLRQIURP(%LV7DVVKRZQLQILJD7KXVWRWDO
WLPHWDNHQE\FOLHQWWRJHWLQIRUPDWLRQLV
Total time = T1 + 2 T2 + 2 T3   
:KHUH7WLPHWRVHQWG\QDPLF,3IURP(%WRVWDWLFVHUYHU
7WLPHWDNHQE\VWDWLFVHUYHUUHTXHVWDQGGHOLYHU\RIG\QDPLF,3WRFOLHQW
7WLPHWDNHQE\(:6UHTXHVWDQGGHOLYHU\RIG\QDPLF,3WRFOLHQW
  
)LJD&DVHQRE&DVHQR

2.2 Case no.2
,QWKLVFDVH(%VHQGVG\QDPLF,3LQIRUPDWLRQWRVWDWLFVHUYHUVWDWLFVHUYHULQWXUQSURYLGHLWWRUHJLVWHUFOLHQWDQG
WKHQFOLHQWFDQGLUHFWO\EURZVH WKDWG\QDPLF,3DQGJHW LQIRUPDWLRQDVVKRZQLQILJE6R WRWDO WLPHUHTXLUHGIRU
FOLHQWLV
Total time = T1 + T2 + 2 T3      

2.3 Case no.3 
6WDWLFVHUYHUVHQWUHJLVWHUHGFOLHQW LQIRUPDWLRQWR(%DQG,WVHQW606WRFOLHQW7KXVFOLHQWFDQGLUHFWO\DFFHVV
LQIRUPDWLRQDVVKRZQLQILJD6RWRWDOWLPHUHTXLUHGLV
Total time = T1 + 2 T3 
&RPSDULQJ DOO WKH WKUHH FDVHV FDVH  LV SURYLGLQJ OHDVW QHWZRUN GHOD\ DV ZHOO DV SURFHVVLQJ GHOD\ 7KXV
VLPXOWDQHRXVO\FOLHQWVFDQEURZVH WKHLUUHVSHFWLYH(%RQO\DQGFDQQRW LQWHUIHUHZLWKRWKHU(%LQIRUPDWLRQ 7KXV
V\VWHPLVKLJKO\SULYDWHDQGVHFXUHG)URPWLPHDQDO\VLVLWLVUHDOWLPHV\VWHP7KHV\VWHPLVGHVFULEHGLQILJE
 
)LJD&DVH1RE(%DQGFOLHQWGLUHFWFRPPXQLFDWLRQ


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+DUGZDUH,PSOHPHQWDWLRQV
7KHPDLQFRUHRIWKHV\VWHPLV(%RWKHUFRPSRQHQWVDUH86%GDWDFDUGZLWK*356PRGXOHVWDWLFVHUYHUIWS
VHUYHUDQGFOLHQWV,WDOVRLQFOXGHVSRUWLQJ/LQX[DQGLQVWDOODWLRQRIWKWWSG:HEVHUYHU
(PEHGGHG%RDUG
7KHKDUGZDUHPRGXOHFRQVLVWVRI(%ZKLFKKDV$50SURFHVVRU-7$*FRQWUROOHULQWHUIDFLQJSHULSKHUDOVGDWD
DFTXLVLWLRQXQLW DQGSRZHUPDQDJHPHQW XQLW$VSHUSURSRVHG V\VWHP EORFNGLDJUDPRI$50(%DV VKRZQ LQ
ILJD,WLVORZFRVW$50GHYHORSPHQWERDUGDQGXVHVSRZHUVWDEOHFRUH&38SURFHVVRU6DPVXQJ6F2WKHU
FRPSRQHQWVLQWHJUDWHGRQERDUGDUH0%6'5$0ELWGDWDEXVIODVKPHPRU\DQGEDVLFLQSXWRXWSXWV\VWHPV
%,262WKHU LQWHUIDFHV DQG UHVRXUFHV DYDLODEOH DUH IDVW (WKHUQHW VHULDO SRUWV 86% KRVW 86% VODYH 6' FDUG
VWRUDJHLQWHUIDFH-7$*DQGXVHU/('VSRZHULQWHUIDFHZLWKLQGLFDWRUOLJKW7KHFRUHRIWKHHPEHGGHGV\VWHPLV
EDVHG RQ WKH 6DPVXQJ 6&$50 SURFHVVRU LQ ZKLFK /LQX[ FDQ EH SRUWHG ,W HPERGLHV VWDEOH &38 FRUH
SRZHUVRXUFHFKLSDQGUHVHWFKLSWRHQVXUHWKHVWDELOLW\RIWKHV\VWHP1DQGIODVKVROLGLILHGERRWORDGHUWKHV\VWHP
NHUQHOWKHILOLQJV\VWHPWKHDSSOLFDWLRQSURFHGXUHHQYLURQPHQWYDULDEOHDQGV\VWHPFRQILJXUDWLRQILOHVDVZHOORI
/LQX[7KH(%KDVLQEXLOWRQFKLSUHVRXUFHVZKLFKDYRLGVQHHGRIH[WHUQDOGHYLFHVWREHDWWDFKHGVHSDUDWHO\7KLV
ERDUG SURYLGHV DQ HDV\ VROXWLRQ WR VWDUW ZLWK WKH DSSOLFDWLRQ GHYHORSPHQW ZLWKRXW ERWKHULQJ DERXW WKH H[WHUQDO
KDUGZDUH

 
)LJD%ORFNGLDJUDPRIHPEHGGHGERDUG(%
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

)LJE)ORZFKDUWRI(PEHGGHG/LQX['HSOR\PHQWRQ6\VWHP

LQWHUIDFH(%FRPHVZLWKOLPLWHGUHVRXUFHVGULYHUVDQGOLEUDULHVZKLFKLVVXLWDEOHIRUWKHLUOLPLWHGDSSOLFDWLRQ7R
FXVWRPL]HWKHERDUGDVSHURXUUHTXLUHPHQWFHUWDLQFKDQJHVDUHUHTXLUHGPDNLQJGXULQJVRIWZDUHFRQILJXUDWLRQ,Q
RUGHU WR SHUIRUP GLIIHUHQW SURFHVVHV UHTXLUH H[WHQVLYH VXSSRUW RI VRIWZDUH WR H[HFXWH DQG PDQDJH DOO WKHVH
SURFHVVHVVLPXOWDQHRXVO\7KXVVRIWZDUHVXSSRUWKDVWREHPRGLILHGILUVWWRH[HFXWHDOOWKHVHSURFHVVDQGKHOSVLQ
GHYHORSPHQWRISURSRVHGPRQLWRULQJV\VWHP
7KHNHUQHOKDVEHHQPRGLILHGWRUHGXFHVL]HWKDQRULJLQDO/LQX[NHUQHOZKLOHUHWDLQLQJWKHPDLQDGYDQWDJHV
RIWKH/LQX[VXFKDVVWDELOLW\VXSHULRUQHWZRUNFDSDELOLW\DQGH[FHOOHQWILOHVXSSRUW7RFXVWRPL]HWKHERDUGDVSHU
RXU  UHTXLUHPHQWZH KDYH WR FXVWRPL]H WKH NHUQHO E\ DGGLQJ ORW RI GHYLFH GULYHUV FURVV FRPSLOHU OLEUDULHV DQG
YDULRXVELQDULHV
3.2 USB data card with GPRS 
8QLYHUVDOVHULDOEXV86%GDWDFDUGZLWK*356LVDZLUHOHVVPRGHPGHYLFHWKDWXVHVSDFNHWVZLWFKLQJWHFKQRORJ\
IRUGDWD WUDQVPLVVLRQ,W LVGHVLJQHGIRUFRPPXQLFDWLRQRIDFRPSXWHURUHPEHGGHGV\VWHPZLWK*60DQG*356
QHWZRUN ,W UHTXLUHV6,0FDUG WRDFWLYDWH FRPPXQLFDWLRQZLWK WKHQHWZRUN ,WXVHV VHULDOSRUW FRPPXQLFDWLRQ IRU
LQWHUIDFLQJ ZLWK FRQWUROOHU DQG QHHGV $7 FRPPDQGV IRU FRPPXQLFDWLRQ DQG LQWHUDFWV ZLWK *356 QHWZRUN 7KH
*356LVIDVWDQGSRUWDEOHWKXVVXLWDEOHIRUDSSOLFDWLRQRIZHEEURZVLQJDVFRPSDUHGWRZLUHGGLDOXSPRGHP,QWKH
V\VWHP*356RI86%GDWDFDUGSHUIRUPVZRUNRIGDWD WUDQVPLWWLQJDQGUHFHLYLQJZKLFKFDUULHVG\QDPLF ,3DQG
PDNHSRVVLEOHWRDFFHVVGDWDRIHPEHGGHGERDUGE\HPEHGGHGZHEVHUYHUDVVLJQE\G\QDPLF,3
3.3 FTP Server 
)LOHWUDQVIHUSURWRFROIWSVHUYHULVVLPSO\DKRVWFRPSXWHUZLWKVRIWZDUHSDFNDJHRIIWSLQVWDOOHGWKDWVXSSRUWVWR
H[HFXWH WUDQVIHURIILOHV,Q WKHV\VWHPILOH WUDQVIHU WDNHVSODFHEHWZHHQ(%DQGIWSVHUYHUIWSVHUYHUDQGFOLHQWV
+RVWFRPSXWHUSOD\VNH\UROHLQUHJLVWUDWLRQRIFOLHQWVDVLWLVVWDWLF,3VHUYHU2WKHUZLVHLWLVXVHIXORQO\IRUEDFNXS
DQGQRWIRUFRPPXQLFDWLRQ7KXVLWDFWVDVGXPP\VHUYHUZLWKRXWDQ\LQWHUDFWLRQ
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3.4 Deployment of Linux OS on EB 
 7KHKRVWFRPSXWHULV[PDFKLQHVXVHGIRUGHYHORSPHQWRIDSSOLFDWLRQZKHUHDV(%DFWVDVWDUJHWERDUGRQ
ZKLFKILOHVDUHWUDQVIHUUHGE\IWSXVLQJ86%FRQQHFWLRQ7DUJHWERDUGDQGNHUQHOVHQGVRXWSXWRIDOODFWLYLW\VWDUWLQJ
IURPERRWVHTXHQFHWRVKHOOYLDNHUQHORQVHULDOSRUWRIWDUJHWERDUG
 ,QVWDOODWLRQRI/LQX[RQ6F$50ERDUGUHTXLUHFURVVFRPSLOHUHQYLURQPHQWRQSFXVLQJDUPOLQX[
JFFWRROFKDLQ6XSHUYLYLLVERRWORDGHUPDGHWRXVHH[FOXVLYHO\IRU6DPVXQJ$50OLQHSURFHVVRU,WVXSSRUWV
VHULDO LQWHUIDFH WRFRPPXQLFDWHEHWZHHQKRVW3&DQGHPEHGGHG V\VWHPYLD VHULDO FDEOH/LQX[NHUQHO DQG
GHYLFHGULYHUVDYDLODEOHDQGFRQILJXUHWKHNHUQHODVSHUDSSOLFDWLRQUHTXLUHPHQWRIGULYHUDQGFUHDWHNHUQHO,PDJH
,PDJH LV LQ FRPSUHVVHG IRUP RI NHUQHO 7KH NH\ IHDWXUHV RI GHSOR\PHQW RI VFDOH GRZQ YHUVLRQ RI /LQX[ DUH DV
VKRZQLQIORZFKDUWRIILJE
6RIWZDUH,PSOHPHQWDWLRQ
7KHVRIWZDUHXVHGRQ(%LV&LQ/LQX[,QWKHGHVLJQLWFRQWUROVWKHH[HFXWLRQRISURFHVVRQHDIWHURWKHUDORQJZLWK
H[HFXWLRQRI%RXUQHDQGVKHOO%$6+VFULSWILOHVRQHPEHGGHGV\VWHP,WDOVRLQFOXGHVGHVLJQLQJRIZHESDJHVLQ
K\SHUWH[W PHWD ODQJXDJH KWPO DFFHVV LW E\ FRPPRQ JDWHZD\ ,QWHUIDFH &*, ELQ GULYHUV WR FRQWURO GDWD
DFTXLVLWLRQ
4.1. Design of webserver home page 
7KHZHEVHUYHUSDJH LV GHVLJQHG LQKWPOXVLQJ MDYDVFULSW)RU UHJLVWUDWLRQRI FOLHQWVSDJH LV GHVLJQHG IRUXVHU DQG
SDVVZRUGRWKHUSDJHGLVSOD\VVWDWLFVHUYHUZHESDJHZKLFKGLVSOD\VG\QDPLF,3RI(%,QWKHVDPHSDJHLWGLVSOD\V
$'& GDWD DOVR '\QDPLF ,3 (:6 SDJH FRQVLVWV RI FRQWURO RI GDWD DFTXLVLWLRQ ZKLFK LV FRQWUROOHG E\ SURJUDP
ZULWWHQLQ&
$FFHVVZHESDJHE\&*,
7KHUXQWLPHGLVSOD\RIZHESDJHVLVSRVVLEOHZLWKWKHKHOSRI&*,ELQ
7HVWLQJ5HVXOWV
)ROORZLQJDUHWKHZHESDJHVVKRZLQJWHVWLQJUHVXOWVZKLFKZHJHWE\EURZVLQJVWDWLFDVZHOODVG\QDPLF,3

)LJD6WDWLFVHUYHUKRPHSDJHIRUFOLHQWUHJLVWUDWLRQ
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
)LJE'\QDPLF,3ZHESDJHRI(%WRFOLHQW


)LJF'\QDPLF,3ZHESDJHRI(%WRFOLHQW

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
)LJG7LPHDQDO\VLVRQVHYHUZHESDJHIRUG\QDPLF,3WLPHVFKHGXOH

&RQFOXVLRQV
'\QDPLF,3EDVHGV\VWHPZRUNHGIDUEHWWHUDVLWKDVGUDZEDFNRIWHPSRUDU\DYDLODELOLW\ZKLFKLVSURYHGKHUHLQWKLV
SDSHU7KHV\VWHPLVEHVWVXLWHGZKHQWRRPDQ\ZHEVHUYHUVDUHUHTXLUHG7KHGHYHORSHGV\VWHPDOVRVKRZVWKDWWLPH
FRQVWUDLQWV DOPRVW SURYLGH UHDO WLPH GDWD 7KXV GHVLJQHG V\VWHP LV YHU\ ORZ FRVW IOH[LEOH UHDO WLPH DQG HDVLO\
DIIRUGDEOHE\FRPPRQPDQ
5HIHUHQFHV
$KPHG$EG(ONDULP0DJHG$OL0RKDPPHG<RXVLI(OKDGL(OVLGHHJDevelopment of an Internet based embedded system for smart house
controlling and monitoring,QW-FRPSXWHUDSSOLFDWLRQYRO-DQS
7DNDNR1RQDND0DVDWR 6KLPDQR<XWD8HVXJL DQG7RPRKLUR+DVHEmbedded Server and client system for home appliances on real-time 
Operating system,(((S
6R\RXQJ+ZDQJDQG'RQJKXL<X.Remote monitoring and controlling system based on zigbee networks.Int. J. of s/w Engg.and its application; 
YRO-XO\S
 5HDOWLPHVROXWLRQSYWOWG Real time data acquisition system for flood forecasting in Narayani Basin -case study,Nepal.S
5. &KDR<DQJ /HH HWDOAn efficient tracking system in real -time surveillance application -RXUQDO RI1HWZRUN DQG FRPSXWHU DSSOLFDWLRQ 
S
7*XLOOHUPR5LYDHWDOlow level communication management for e-health system-RXUQDORISK\VLFVFRQIHUHQFHVHULHVLRSSXEOLVKLQJ
SS
7DQXVKUHH&KDNUDYRUW\HWDOA low cost subcutaneous vein detection system using ARM9 based single board computer,(((S
$OL]L\DDONDU0HKPHWDWLINDUDFDAn internet based interactive embedded data acquisition system for real time applications,(((WUDQVDFWLRQ
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RQLQVWUXPHQWDWLRQDQGPHDVXUHPHQWYRO1R0DUFKS
 6XKDV NDOH.Design and Implementation of real time embedded tele-health monitoring system,QWFRQI RQ FLUFXLW SRZHU DQG FRPSXWLQJ
WHFKQRORJLHV>,&&3&7@S
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
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